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DESCRIPTION 

Gear Shifting Completion Determination Device for Automatic Transmission 

5 Technical Field 

The present invention relates to a gear shifting completion determination device 
for an automatic transmission, particularly to a gear shifting completion determination 
device for an automatic transmission coupled to a motive power source via a fluid 
coupling. 

10 

Background Art 

Conventionally in an automatic transmission, gear shifting is effected one by one 
in order to avoid complicated multiple gear shifting (for example, speed change 
establishing fourth speed gear from second speed gear without establishing third speed 

15 gear). In such an automatic transmission, the next gear shifting is permitted only after 
determination has been made of the completion of previous gear shifting. It is 
therefore necessary to determine completion of gear shifting at an appropriate time. 

Japanese Patent Laying-Open No. 2000-9733 1 discloses an automatic 
transmission that can properly determine the completion timing of inertia phase control. 

20 The automatic transmission disclosed in the publication of Japanese Patent Laying-Open 
No. 2000-9733 1 includes an input shaft receiving driving force from a driving 
mechanism, an output shaft transmitting the driving force to the wheels, a plurality of 
engagement elements setting the motive power transmitting characteristics between the 
input shaft and the output shaft, a detection unit detecting the revolution of the input 

25 shaft and the revolution of the output shaft, and a control unit controlling the release and 
engagement of a friction engagement element. The control unit determines that the 
friction engagement element has been sufficiently engaged to end the inertia phase 
control when a state of the gear ratio calculated based on the revolution of the input 
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shaft and the revolution of the output shaft detected by the detection unit synchronizing 
with the gear ratio to be achieved by gear shifting continues for at least a predetermined 
determination time. The gear ratio is the value of the input shaft revolution divided by 
the output shaft revolution. 
5 The automatic transmission disclosed in this publication is configured to end the 

inertia phase control at an elapse of a predetermined determination time for a state in 
which the gear ratio synchronizes with the gear ratio to be achieved. Accordingly, the 
inertia phase control can be continued even in the case where the gear ratio temporarily 
synchronizes with the gear ratio after gear shifting due to reduction in the engine speed, 

10 for example. The inertia phase control is terminated only when the synchronizing state 
continues for at least the predetermined determination time and the friction engagement 
element of the engagement side establishes sufficient engagement. Therefore, 
occurrence of gear shifting shock can be suppressed. By monitoring the gear ratio 
synchronizing time, determination of ending the inertia phase control can be made 

15 appropriately. 

In the automatic transmission disclosed in the aforementioned publication, the 
next gear shifting will not be permitted unless the synchronizing state continues for at 
least the predetermined determination time in the case where gear shifting is set to be 
effected one gear at a time to obviate multiple gear shifting. There was a problem that 

20 the time required to eventually complete gear shifting becomes longer when gear shifting 
of a plurality of shifts is to be effected. 

Disclosure of the Invention 

An object of the present invention is to provide a gear shifting completion 
25 determination device for an automatic transmission that can appropriately determine 
completion of gear shifting and promptly effect gear shifting. 

A gear shifting completion determination device for an automatic transmission 
according to the present invention is applied to an automatic transmission coupled to a 
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motive power source via a fluid coupling, and determines whether an upshift in an 
accelerator off mode has been completed or not. The gear shifting completion 
determination device includes an output shaft revolution detection unit detecting the 
output shaft revolution of the motive power source, an input shaft revolution detection 
5 unit detecting the input shaft revolution of the automatic transmission, a calculation unit 
calculating a synchronizing revolution that is the probable value of the input shaft 
revolution of the automatic transmission after gear shifting, a determination unit 
determining that gear shifting has been completed when a state of the detected input 
shaft revolution of the automatic transmission synchronizing with the calculated 
10 synchronizing revolution continues for at least a predetermined determination time, and 
a setting unit setting the determination time based on the detected input shaft revolution 
of the automatic transmission and the output shaft revolution of the motive power 
source. 

In accordance with the present invention, the output shaft revolution detection 
15 unit detects the output shaft revolution of the motive power source, whereas the input 
shaft revolution detection unit detects the input shaft revolution of the automatic 
transmission. The calculation unit calculates the synchronizing revolution that is the 
probable value of the input shaft revolution of the automatic transmission after gear 
shifting, and the determination unit determines that gear shifting has been completed 
20 when the state of the input shaft revolution of the automatic transmission synchronizing 
with the synchronizing revolution continues for at least a predetermined determination 
time. The determination time is set by the setting unit based on the input shaft 
revolution of the automatic transmission and the output shaft revolution of the motive 
power source. When the accelerator is off, the motive power source takes a non- 
25 driving state. For example, when the difference between the input shaft revolution of 
the automatic transmission and the output shaft revolution of the motive power source is 
large, a state is established in which the input shaft revolution of the automatic 
transmission is boosted with respect to the output shaft revolution of the motive power 



-3 - 



source due to the development of gear shifting at the automatic transmission. An event 
of the input shaft revolution of the automatic transmission synchronizing with the 
synchronizing revolution under this state can be regarded as the gear shifting of the 
automatic transmission being completed. In this case, reducing the determination time 
5 will cause prompt determination of completion in gear shifting to allow the next gear 
shifting to be initiated. In contrast, when the difference between the input shaft 
revolution of the automatic transmission and the output shaft revolution of the motive 
power source is small, it is difficult to determine whether the input shaft revolution of 
the automatic transmission has synchronized with the synchronizing revolution due to 

10 development of gear shifting, or just temporarily in synchronism. For example, when 
the synchronizing revolution is in the vicinity of the idle revolution, the input shaft 
revolution may synchronize with the synchronizing revolution even if gear shifting has 
not been completed yet. In this case, the determination time can be increased to 
suppress erroneous determination of the input shaft revolution of the automatic 

15 transmission temporarily synchronizing with the synchronizing revolution. As a result, 
there can be provided a gear shifting completion determination device for an automatic 
transmission that can appropriately determine completion of gear shifting and promptly 
effect gear shifting. 

Preferably, the setting unit sets the determination time shorter when the 

20 difference between the input shaft revolution of the automatic transmission and the 
output shaft revolution of the motive power source is large as compared to a state in 
which the same is small. 

According to the present invention, the determination time is set shorter when 
the difference between the input shaft revolution of the automatic transmission and the 

25 output shaft revolution of the motive power source is large as compared to a state in 

which the same is small. When the difference between the input shaft revolution of the 
automatic transmission and the output shaft revolution of the power source is large, a 
state is established in which the input shaft revolution of the automatic transmission is 
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boosted with respect to the output shaft revolution of the motive power source due to 
the development of gear shifting at the automatic transmission. An event of the input 
shaft revolution of the automatic transmission synchronizing with the synchronizing 
revolution under this state can be regarded as the gear shifting of the automatic 
5 transmission being completed. Therefore, by setting a shorter determination time when 
the difference between the input shaft revolution of the automatic transmission and the 
output shaft revolution of the power source is large as compared to a state in which the 
same is small, determination of completion in gear shifting can be made promptly to 
allow the next gear shifting to be effected. 

10 

Brief Description of the Drawings 

Fig. 1 is a control block diagram of a power train of a vehicle on which a gear 
shifting completion determination device for an automatic transmission according to an 
embodiment is mounted. 
15 Fig. 2 is a flow chart of a control configuration of a program executed by an 

ECT_ECU. 

Fig. 3 is a (first) timing chart representing a turbine revolution NT during an 
upshift in an accelerator off mode. 

Fig. 4 is a (second) timing chart representing a turbine revolution NT during an 
20 upshift in an accelerator off mode. 

Best Mode for Carrying Out the Invention 

An embodiment of the present invention will be described hereinafter with 
reference to the drawings. In the following description, the same components have the 
25 same reference characters allotted. Their designation and function are also identical. 
Therefore, detailed description thereof will not be repeated. 

A power train of a vehicle on which a gear shifting completion determination 
device for an automatic transmission according to an embodiment of the present 
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invention is mounted will be described with reference to Fig. 1 . A gear shifting 
completion determination device according to the present embodiment is realized by, for 
example, an ECT (Electrically Controlled Transmission)JECU (Electronic Control Unit) 
1010 shown in Fig. 1. 

5 As shown in Fig. 1, the vehicle power train includes an engine 100, a torque 

converter 200, an automatic transmission 300, an engine ECU 1000, and ECTECU 
1010. 

Engine 100 burns the air-fuel mixture of air and fuel injected from an injector 
(not shown) to reciprocate a piston and rotate a crank shaft (output shaft). The output 
10 shaft of engine 100 is connected to the input shaft of torque converter 200. Engine 

100 and torque converter 200 are coupled by a rotational shaft. Therefore, the output 
shaft revolution NE of engine 100 (engine revolution speed NE) sensed by an engine 
revolution sensor 400 is equal to the input revolution of torque converter 200 (pump 
revolution). 

15 Torque converter 200 is formed of a lock up clutch 210 establishing direct 

coupling between the input shaft and output shaft, a pump vane wheel 220 at the input 
shaft side, a turbine vane wheel 230 at the output shaft side, and a stator 240 exhibiting 
a torque multiplication function with a one way clutch 250. Torque converter 200 is 
connected with automatic transmission 300 by a rotational shaft. The output shaft 

20 revolution NT of torque converter 200 (turbine revolution NT) is sensed by a turbine 
revolution sensor 410. 

The output shaft of torque converter 200 is connected to the input shaft of 
automatic transmission 300. Torque converter 200 and automatic transmission 300 are 
coupled with the rotational shaft. Therefore, the output shaft revolution of torque 

25 converter 200 (turbine revolution NT) sensed by a turbine revolution sensor 410 is equal 
to the input shaft revolution of automatic transmission 300. 

Automatic transmission 300 is formed of a planetary gear unit to establish an 
arbitrary gear by engaging the clutch and brake in a predetermined combination. The 



clutch and brake operate by the oil pressure adjusted by an oil hydraulic circuit (not 
shown). The output shaft revolution NO of automatic transmission 300 is sensed by an 
output shaft revolution sensor 420. 

Engine ECU 1000 controls engine 100. Engine ECU 1000 receives a signal 
representing engine revolution NE from engine revolution sensor 400. The signal 
representing engine revolution NE applied to engine ECU 1000 is transmitted to 
ECTJECU 1010. 

ECTECU 1010 controls automatic transmission 300. To ECT_ECU 1010 are 
input a signal representing turbine revolution NT from turbine revolution sensor 410, a 
signal representing output shaft revolution NO of automatic transmission 300 from 
output shaft revolution signal 420, a signal representing the accelerator pedal position 
from an accelerator pedal position sensor 430, a signal representing the speed of the 
vehicle from a vehicle speed sensor 440, a signal representing the shift lever position 
from a position switch 450, and a signal representing engine revolution NE from engine 
ECU 1000. ECT ECU 1010 obtains the input revolution of torque converter 200 
from engine revolution NE, and obtains the input shaft revolution of automatic 
transmission 300 from turbine revolution NT. 

ECTJECU 1010 sets a shift map (shifting diagram) according to the state of the 
vehicle, and controls automatic transmission 300 such that a desired gear is established 
based on the set shift map. ECT_ECU 1010 controls automatic transmission 300 such 
that gear shifting is effected one gear at a time. In other words, ECT_ECU 1010 
determines whether gear shifting has been completed or not, and permits the next gear 
shifting when determination is made of completion of gear shifting. 

The control configuration of a program executed by ECTJECU 1010 in the gear 
shifting completion determination device for an automatic transmission according to an 
embodiment of the present invention will be described with reference to Fig. 2. 

At step (hereinafter, step abbreviated as S) 100, ECT_ECU 1010 determines 
whether the accelerator pedal is released or not based on a signal transmitted from 



accelerator pedal position sensor 430. When the accelerator pedal is released (YES at 
SI 00), the process proceeds to S102; otherwise (NO at SI 00), the process ends. 

At SI 02, ECT_ECU 1010 determines whether an upshiftt at automatic 
transmission 300 is required or not. Determination of whether an upshift is required or 
5 not is to be made based on the accelerator pedal position, the vehicle speed, and the 

shifting diagram. When an upshift is required (YES at SI 02), the process proceeds to 
S104; otherwise (NO at S102), the process ends. 

At SI 04, ECT_ECU 1010 initiates an upshift. At SI 06, ECT_ECU 1010 
senses turbine revolution NT (input shaft revolution of automatic transmission 300) and 
10 output shaft revolution NO of automatic transmission 300. 

At SI 08, ECTJECU 1010 determines whether turbine revolution NT 
synchronizes with the synchronizing revolution. The synchronizing revolution is the 
number of revolutions calculated by multiplying output shaft revolution NO of 
automatic transmission 300 by the gear ratio of the gear after gear shifting. When 
15 turbine revolution NT synchronizes with the synchronizing revolution (YES at SI 08), 
the process proceeds to SI 10; otherwise (NO at S108), the process proceeds to S108. 
In the present embodiment, the event of turbine revolution NT synchronizing with the 
synchronizing revolution means that the difference between turbine revolution NT and 
the synchronizing revolution is smaller than a predetermined value. 

* 

20 At SI 10, ECT_ECU 1010 detects engine revolution NE and turbine revolution 

NT. At S 1 12, ECT_ECU 1010 determines whether a slip value NS that is the 
difference between engine revolution NE and turbine revolution NC (NS = NE - NT) is 
smaller than a predetermined slip value NS (0). In the present embodiment, NS (0) is 
set as a negative value. When slip value NS is smaller than a predetermined slip value 

25 NS (0) (YES at S112), the process proceeds to S114; otherwise (NO at S112), the 
process proceeds to SI 20. 

At SI 14, ECTJECU 1010 sets determination time T to a short determination 
time T (X). Determination time T (X) is set shorter as slip value NS is smaller (as the 



difference between engine revolution NE and turbine revolution NT is larger). 
Determination time T (X) is to be set using a map produced in advance based on, for 
example, experiments,. 

At SI 16, ECT_ECU 1010 determines whether the period of time during which 
5 turbine revolution NT synchronizes with the synchronizing revolution is at least 

determination time T (X). When the duration of turbine revolution NT synchronizing 
with the synchronizing revolution is at least determination time T (X) (YES at SI 16), 
the process proceeds to SI 18; otherwise (NO at SI 16), the process proceeds to S108. 
At SI 18, ECT_ECU 1010 determines that gear shifting has been completed. 

10 At SI 20, ECTJECU 1010 sets determination time T to a long determination 

time T (Y). Determination time T (Y) is longer than determination time T (X). 
Determination time T (Y) is set longer as slip value NS is larger (as the difference 
between engine revolution NE and turbine revolution NT is smaller). Determination 
time T (Y) is to be set using a map produced in advance based on, for example, 

15 experiments or the like. 

At SI 22, ECT_ECU 1010 determines whether the period of time during which 
turbine revolution NT synchronizes with the synchronizing revolution is at least 
determination time T (Y). When the duration of turbine revolution NT synchronizing 
with the synchronizing revolution is at least determination time T (Y) (YES at SI 22), 

20 the process proceeds to SI 18; otherwise (NO at SI 22), the process proceeds to S108. 

An operation of ECT_ECU 1010 at the gear shifting completion determination 
device of an automatic transmission according to the present embodiment will be 
described based on the configuration and flow chart set forth above. 

When the driver takes his/her foot off the accelerator pedal during the drive of a 

25 vehicle (YES at SI 00), determination is made whether an upshift at automatic 

transmission 300 is required or not (SI 02). When an upshift is required (YES at SI 02), 
an upshift is initiated (SI 04). Turbine revolution NT (input shaft revolution of 
automatic transmission 300) and output shaft revolution NO of automatic transmission 



300 are sensed (SI 06). 

When turbine revolution NT synchronizes with the synchronizing revolution that 
is calculated by multiplying output shaft revolution NO of automatic transmission 300 
by the gear ratio of the gear after gear shifting (YES at SI 08), engine revolution NE and 
5 turbine revolution NT are sensed (SI 10). 

When an upshift is initiated as shown in Fig. 3 in an upshift procedure with the 
accelerator off, turbine revolution NT (input shaft revolution of automatic transmission 
300) is reduced in accordance with the lower engine revolution NE. As gear shifting is 
developed, turbine revolution NT, once falling, is boosted with respect to engine 
10 revolution NE. In this case, the difference between turbine revolution NT and engine 
revolution NE is increased with turbine revolution NT higher than the idle revolution 
(engine revolution NE). Slip value NS between turbine revolution NT and engine 
revolution NE (NS = NE - NT) becomes smaller than predetermined slip value NS (0) 
(YES at SI 12). 

15 When turbine revolution NT is synchronizing with the synchronizing revolution 

under the state where turbine revolution NT is boosted with respect to engine revolution 
NE, it is assumed that gear shifting has been completed. Therefore, determination is 
promptly made of completion of gear shifting, and a state allowing the next gear shifting 
must be established. 

20 To this end, determination time T is set to shorter determination time T (X) 

(SI 14), and determination is made that gear shifting has been completed (SI 18) when 
the period of time of turbine revolution NT synchronizing with the synchronizing 
revolution is at least determination time T (X) (YES at SI 16). Accordingly, 
determination of completion of gear shifting can be made promptly under the state 

25 where it is assumed that gear shifting has been completed to allow prompt transition to 
the next gear shifting. 

During upshifting with the accelerator off, there may be a case where turbine 
revolution NT settles in the vicinity of the idle revolution before gear shifting is 
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completed, as shown in Fig. 4. Therefore, when the synchronizing revolution is in the 
vicinity of the idle revolution, it is difficult to determine whether turbine revolution NT 
synchronizes with the synchronizing revolution due to development of gear shifting or 
just temporarily in synchronism. If erroneous determination is made of the gear 
5 shifting being completed although not actually completed, there is the possibility of the 
engagement force of the clutch and brake in automatic transmission 300 being increased 
to the highest pressing level to cause gear shifting shock. 

In order to suppress erroneous determination, a determination time T (Y) longer 
than determination time T (X) is set (SI 20), when turbine revolution NT is in the 

10 vicinity of the idle revolution, i.e. when the difference between engine revolution NE and 
turbine revolution NT is small and slip value NS (NS = NE - NT) is larger than a 
predetermined slip value NS (0) (NO at SI 12). 

As indicated by the chain line with one dot in Fig. 4, when the period of time of 
turbine revolution NT synchronizing with the synchronizing revolution is at least 

15 determination time T (Y) (YES at SI 22), determination is made that gear shifting has 
been completed (S 1 1 8). 

As indicated by the chain line with two dots in Fig. 4, when turbine revolution 
NT does not change and the period of time of turbine revolution NT synchronizing with 
the synchronizing revolution is shorter than determination time T (Y) (NO at S 1 22) 

20 although there is variation in the vehicle speed caused by disturbance and the like during 
gear shifting and the synchronizing revolution has changed, determination will be made 
of gear shifting not being completed. Accordingly, erroneous determination of gear 
shifting completion corresponding to the case where turbine revolution NT temporarily 
synchronizes with the synchronizing revolution although gear shifting has not actually 

25 ended can be suppressed. 

In a control apparatus for a vehicle according to the present embodiment, the 
ECT_ECU sets determination time T to a short determination time T (X) when slip 
value NS between engine revolution NE and turbine revolution NT is smaller than a 
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predetermined slip value NS (0) (when the difference between engine revolution NE and 
. turbine revolution NT is large). When slip value NS between engine revolution NE 
and turbine revolution NT is greater than a predetermined slip value NS (0) (when the 
difference between engine revolution NE and turbine revolution NT is small), 
5 determination time T is set to a long determination time T (Y). Accordingly, in the 
event of turbine revolution NT synchronizing with the synchronizing revolution when 
the difference between engine revolution NE and turbine revolution NT is large, 
allowing assumption of completion in gear shifting, the determination time is set short to 
promptly enable subsequent gear shifting in an automatic transmission that effects gear 

10 shifting one gear at a time. In the case where the difference between engine revolution 
NE and turbine revolution NT is small and the synchronizing revolution is in the vicinity 
of the idle revolution such that it is difficult to determine whether turbine revolution NT 
synchronizes with the synchronizing revolution by development of gear shifting or just 
temporarily in synchronism, the determination time is set longer to suppress erroneous 

15 determination. 

It would be understood that the embodiments of the present invention disclosed 
herein are by way of example only, and is not to be taken by way of limitation in all 
aspects. The scope of the present invention is defined, not by the description set forth 
above, but by the appended claims, and all changes that fall within limits and bounds of 

20 the claims, or equivalent thereof are intended to be embraced by the claims. 
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